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INTRODUCTION
Aquaporin-1 (AQP1), a water transporting protein, is expressed in the apical and basolateral plasma membranes of the proximal tubule, the descending thin limb of Henle's loop, and the microvascular endothelium of the descending vasa recta (12, 19, 20) . Recent studies in AQP1 null mice generated by targeted gene disruption, have established the role of AQP1 as a major water channel in the kidney (16, 25, 32) .
Phenotype analysis has demonstrated that AQP1 null mice are polyuric and manifest a urinary concentrating defect because of an inability to create a hypertonic medullary interstitium (9, 16, 23, 32) as well as defective isosmolar fluid absorption by the proximal tubule (25, 31) . Further analysis of urine composition, reported in this study, revealed a significantly decreased urinary pH in AQP1 null mice; however, the mechanism behind the increased acidity of the urine is unclear.
The collecting duct plays an important role in acid-base transport in the kidney and is the main site of urine acidification (3). Acid secretion occurs along the entire collecting duct, whereas bicarbonate secretion has been demonstrated only in the cortical collecting duct (CCD). There is convincing evidence that intercalated cells are responsible for acidbase transport in the collecting duct. At least two types of intercalated cells, type A and type B are present in the collecting duct (2, 13, 26, 29, 35) . Type A intercalated cells secrete protons and absorb bicarbonate. Proton secretion is mediated, at least in part, by a vacuolar-type H + -ATPase that is located in the apical plasma membrane and apical tubulovesicles (7, 8, 13, 34) . Bicarbonate absorption occurs via a truncated form of the erythrocyte chloride/bicarbonate exchanger, AE1 (13, 26, 29, 33 and are not observed in the terminal half to two thirds of the IMCD. However, there is evidence that acid secretion occurs along the entire IMCD, indicating that the IMCD cells may also be capable of acid secretion (1) . Studies using microcatheterization and micropuncture techniques have demonstrated a decrease in urine pH along the IMCD (10, 24, 30) . Both acute and chronic metabolic acidosis is associated with increased urine acidification along the IMCD (6, 10) whereas acidification is abolished during acute and chronic alkalosis (5) . Subsequent studies demonstrated net acid secretion in isolated IMCD segments from normal rats and reported that acid secretion was significantly increased in IMCD segments from ammonium chloride loaded rats (37). The cellular mechanism of acid secretion in the IMCD is not known with certainty. However, there is evidence from studies in cultured IMCD cells, that acid secretion may be mediated by both the bafilomycin-sensitive vacuolar-type H + -ATPase (27) 
METHODS

Animals and Tissue Preservation
The transgenic AQP1-deficient mice that were generated by targeted gene disruption have been characterized in detail in previous studies (16) 
Immunoblot Analysis
Kidneys from four AQP1 (+/+) and four AQP1 (-/-) mice were excised and separated into cortex, outer medulla, and inner medulla. The tissue was homogenized in a solution containing 10mM Tris-Cl (pH7.6), 150mM NaCl, 1% sodium deoxycholate, 1% Triton X-100, 0.5M EDTA, 0.1% sodium dodecyl sulfate (SDS), and freshly added leupeptin (-/-) and AQP1 (+/+) mice was assessed using Student's unpaired t-test. P values <0.025
were accepted as indicating significant differences between mean values.
RESULTS
Determination of pH in the spontaneously voided urine samples demonstrated a significantly lower pH in urine from AQP1 deficient mice than in samples from wild-type mice (5.63 0.07 vs. 6.15 0.1; p<0.001) (Fig. 1) .
Immunohistochemistry
As illustrated in Figure 2 , there was no AQP1 immunoreactivity in kidneys of AQP1-knockout mice, whereas AQP1 was expressed in the proximal tubule, descending thin limb and vasa recta of wild type mice, as reported in previous studies (12, 19, 20) .
Immunostaining for H + -ATPase was observed in proximal tubule cells and in intercalated cells in the connecting tubule and collecting duct in both wild type and AQP1 knockout mice (Fig. 3) . As the collecting duct descended toward the renal papilla, H + -ATPase-positive cells decreased in number in wild type mice, and there was no H + -ATPase immunolabeling from the middle part of the IMCD (Fig. 3A) . However, in AQP1 knockout mice, strong H + -ATPase immunoreactivity was observed in IMCD cells and the intensity of labeling increased in the terminal papilla (Fig. 3B) . Furthermore,
intercalated cells were observed also in the middle part of the IMCD (Fig. 3B) (Fig. 7) .
Immunoblot analysis
To quantify the changes in H IMCD cells that osmotic stress causes DNA damage and cell death (15, 18) . Although IMCD cells appear to be quite tolerant of hyperosmotic conditions in vivo, it is quite possible that intercalated cells, which are rich in mitochondria, are more sensitive to osmotic stress. It is noteworthy that hypertonicity has been shown to cause mitochondrial dysfunction which can initiate apoptotic cell death (17) .
In summary, the present study demonstrates that AQP1 gene deletion is associated 
